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clean and sustainable energy production. The wind energy
Abstract: In this paper, the physical control techniques of tip  generation of last five years is shown in Fig.1. In 2015, the

speed ratio and blade pitch angle of wind energy conversion  wind installed capacity was 21.13 GW which is increasing
system for smooth power generation has been demonstrated. To 14.95 GW in last five years [4]

extract smooth power from WECS, it is required to control the

system in such a way that it must produce a constant torque. ANN 35000 -
and PI are the most effective control techniques for the optimal
control of TSR and BPA to maintain the constant torque. The s 30000 ~
proposed system contains the design of ANN and Pl based s
controller  for performance  analyss of WECS. Z 250001
MATLAB/Simulink environment is used to implement the system S 200001
to test on different uncertain conditions of wind. The obtained o
results are found suitable with the design ANN and Pl based 2 15000 4
controller WECS system. 3

Keywords: Blade pitch angle, control techniques, Tip speed g 10000
ratio, controller 2 0004

I. INTRODUCTION 0-
2015 2016 2017 2018 2019
Most of the electrical energy generation is depend on the Year

fossil fuel which is depleting day by day and harming the
environment. It isvery important to find the alternating power
generation sources, which are environment friendly.
Renewable energy (RE) is the most emerging area for  If the speed of wind iswithin the permissible limits, then wind
research dueto its various positive effect on environment and  turbine (WT) should generate constant power. A simulation
human life. Climate alteration due to the emission of CO, is  based power regulation using PID controller for BPA control
making the use of RE furthermost attractive [1]. Wind and  hasbeen design. The design controller efficiently maintaining
solar RE sources are freely and abundantly available on the  the constant torque for wind turbine [5]. For the controlling of
earth. India has a great potential of wind energy and standing ~ WT a self-tune adaptive fuzzy logic controller is design. The
at fourth position in theworld in thisarea. Wind energy isthe  membership function for this controller are extracted using
most increasing RE source among different typesof RE[2].  artificial bee colony technique. The comparative analysis has
The wind energy system is extremely desirable to  been done between the conventional PID and adaptive fuzzy
contribute as animportant role for power generationinfuture.  |ogic controller [6]. CFD calculation is used to formulate the
The increasing potentia of wind energy has been driven by function of pitch angle control for WT. The control technique
multiplicity factor by government of India to provide isincreasing the generated power by 6.6 %, when pitch angle
subsidies on the renewable energy [3]. Wind energy over the s adjusted using this technique [7]. The authors in [8] have
|ast few decade has become the most attractive technology for  analysed the hybrid fuzzy-PID control technique for WT and
theresults are compared using different control techniques. In

[9], the modeling of variable pitch and variable speed WT is

investigated to achieve the maximum power from the WT. A

PB-SMC technique for PMSG is to extract the maximum
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Performance Analysisfor Smooth Power Generation of WECS System Using ANN/PI Based Control Techniques

The large inertia of rotor shaft has also been taken in to
account for designing the non-linear controller. The results
are compared with conventional control techniques and
non-linear control technique is more suitable for large WT.
The proposed diagram of a ANN/PI based BPA and TSR
control techniques is shown in Fig.2. The BAP and TSR is
controlled by ANN/PI, to achieve the constant torque.

@

Fig. 2.Block diagram representation of proposed control
techniques
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The origination of this paper is divided into five sections.
In first section, introduction part about the wind energy
availability, requirements and its benefits. Literature review
of perviousresearch work related to the BPA and TSR control
has also been considered in this section. Section Il includes
the mathematical modeling of both WECS and PMSG. The
ANN/PI based control techniquesfor controlling the BPA and
TSR are described in section Il1. Section IV describe the
results and discussion of the proposed control techniques and
section V conclude the effectiveness of this research work.

[I. MODELING OF WECSAND PMSG

The modeling of WT is based the kinetic energy of the
rotor. The output power of WT in terms of mechanical power
[5,7] isgivenin (2).

Prech. = U'S.DEH'CmeruJ.E:]'UE €))

Where, P, IS mechanical power, p, is density of air
(kg/m®), A= WT swept area, v is wind flow (nVs), Cpoper 1S
coefficient of power, g is blade pitch angle and 2 istip speed
ratio.

The TSR and coefficient of power of WT aregivenin (2) to
(4),

A(TSR) === )

CF{LBJ=P1(i—:—g.B]e-%+PEA 5

i 1 0.035
A+D.oef  B3+1

X 4)
Where, the w, is rotor speed and R is radius and the
coefficients P; to Pg are constants and values of these
coefficientsare as: P, =0.5176, P, =116, P;=0.4, P, =5, P5
=21 and Pg = 0.0068.
The modeling of PMSG is done in d-q reference frame [9]
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as shownin (5) to (6) as below:

dig 1 - -
ar lge+1ps (—mig+ @E{‘rqs + ‘ri.s}:q' +ug) (5)
da‘; 1 B B
o Eq:_'_E_LT':_"'E:r.'+W9{{q3+{i3}:q+ud:] ©6)

Where, r, is the resistance of stator, Iy and |, are the
generator inductance on d and g axis and |5 is generator
leakage inductance, and w. isrotating speed (rad/s) of PMSG.

The electromagnetic torque (ETM) (T,) of generator is
given by (7) as,

T = 13p((gy — I digiz + iy (7)

Where, iqand iq arethe d-g axis current and ¥; is permanent
magnetic flux.

[11. CONTROL TECHNIQUES

Proportiona Integral (Pl) based controller isused to obtain
the error signal between the reference set point and the output
of the system as shown in Fig.3.

Proportional

Constant ToWind
Turbine
B, A Control ——
Integrd
Constant

Fig. 3.PI controller

The mathematical formula of Pl controller is shown in (8).

v(t) = Kye(t) + K; [ elt)dt )

Where, Ki and Kp are integral and proportional constants
respectively. These constant are tuned to minimize the
different of reference value and actual value. The fluctuating
torque is used as the input to the Pl controller. The error
function generated by the controller is used to optimize BPA
and TSR of WT.

The designed feed forward ANN isimplemented to control
the torque. The smooth torque control technique based on the
output of ANN is considered as BPA and TSR. The ANN is
trained according to the data considered for wind speed
variation by the various hidden layers to the desired output of
WT. The mathematical model of ANN isgivenin (9).

v e

ﬂrl'" = Z Wi X T E; and 07 ., = Z Winm+!) I::Ii'l'" + 687

m=1 n=1 )
_Where, Wi, and Wyne 1) are the weight of the hidden layers.
g2 and &5 the biasva ue of the hidden layer and output layer
respectively. x,, and 0,} are input and output of the hidden

layer.
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IV. RESULTSAND DISCUSSION

Thewind speed isvariable in nature, the speed of the WT is
Wind Speed

Fig. 4.Wind Speed For Wecs System

The wind speed is constant (14 m/s) from 0 to 2 sec, the
wind speed isdrastically change and reached 11.2 m/sfrom 2
to 6 sec. From 6 to 8 sec, the wind speed is continuously
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varying from 11.2 to 15 m/s in different format as shown in
Fig. 4.
changing from 15 to 13 m/s and again reached to 15 m/s from

810 12.5 sec after 12.5 sec thewind speed is constant at 12m/s

asshownintable 1.
TABLE 1: CASE STUDY OF ANN/PI BASED TRS AND BPA CONTROLLER FOR

WECS
Case-1 Case-2 Case-2 Case-4 Case-5
0-2sec 2-6sec  6-8sec 8-12.5 12.5-18
Sec Sec
14 m/s 11.2m/s 15-13m/s 15m/s 12 m/s

The proposed simulation diagram of ANN/PI control
techniquesis also shownin Fig. 5.
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Fig. 5.Proposed simulation diagram for WT.

The TSR and BPA control techniques is used to control the
turbine torque. The tip speed and blade pitch of turbine is
achieved by ANN isvery fast as compare to Pl controller as
shown in Fig.6(a)-(b).
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Fig. 6. TSR and BPA control techniques
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The torque of the turbineis shown in Fig.7(a)-(b) as
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Fig. 7.Turbinetorquefor TSR and BPA control
techniques
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The torque is control by TSR and BPA techniques. As the
speed of turbineisvarying at the specific time, then the torque
is also varying but due to the error minimization it has
achieved smoothly very fast by ANN as compare to Pl.The
speed of rotor, current of stator and EMT of PM SG based on
Pl are shown in Fig.8(a), Fig.9(a) and Fig.10(a) respectively.
The speed of rotor, current of stator and EMT of PM SG based
on ANN are shown in Fig.8(b), Fig.9(b) and Fig.10(b)
respectively. The stator current of the PMSG is 6.7 ampere,
when the speed of turbine is constant about 14 sec. The
rotational speed of rotor and torque of generator is 260
rad/sec and -16.94 Nm respectively at same time in both
controllers. The speed of rotor and generator torque is more
smooth in ANN based controller as compare to the Pl based
controller.
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Fig. 8.Induced stator current of generator based on TSR
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Fig. 9.Speed of rotor based on TSR

Thevoltage and current of 15 kW resistiveload isshownin
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Fig.11(a) and (b) are the voltage of resistive load for PI and
ANN based controller. The voltage and current both are
varying as the turbine speed is varying in case of Pl based
controller and voltage and current both are constant in ANN
based TSR controller. At the steady state condition, the
voltage and current across load are 762 V and 6.6 A
respectively. The current of the resistive load for both
controllers are shown in Fig.12(a) and (b) respectively.

Electromagnetic Torque
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@
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(b)
Fig. 10. EMT Of Generator Using TSR Control

Voltage

1500|

1000
500
0
-500

-1000

-1500

4 6 8 12 14 16 18

10
(b)
Fig. 11. Voltage profile of resistive load (TSR control)

The speed of rotor, induced stator current and EM T of BPA
control techniques based PMSG are shown in Fig.13-15
respectively. The stator current is varied as the wind speed is
varied at the particular time describein table 1.
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The speed variation is more in Pl based controller as
compared to ANN based controller. The EMT and the speed
of rotor of generator is also varying with respect to turbine
speed. The speed of rotor, induced stator current and EMT
based on Pl and ANN control techniques are 6.6 A, 260
rad/sec and -16.92 Nm respectively at 14 sec.
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Fig. 12. Current profile of resistiveload (TSR control)
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Fig. 13. Induced stator current of generator based on
TSR
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Fig. 14. Speed of rotor based on TSR
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Fig. 15. EMT of generator using TSR control

A 15 kW load is used to analysed the behaviour the system.
The voltage profile of the load is shown in Fig.16(a) and (b).
The current is shown in Fig.17(a) and (b) respectively. The
load current and voltageisvarying asthe turbine speed isvary
and constant after few second. Finaly, the voltage across the
load is 765V and current is 6.6 A.
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Fig. 17. Current of resistiveload during case 3 (BPA
Control)

V. CONCLUSION

Controlling of the parameters BPA and TSR for wind
turbine has been designed, smulated and analysed in this
paper. This work shows that the controlling of torque
developed by WECS has been done successfully using both
PI/ANN controlling technique. The proposed system is
designed and validated on MATLAB/Simulink environment.
Smooth power generation in uncertain wind speed isthe main
objective of this research work which has been achieved.
ANN based control techniques is working very accurately as
complain to Pl control technique. The torque error is
significantly reduced in ANN based BPA and TSR control
scheme. The stator current, rotor speed and EMT isalso attain
very quickly. Sothe ANN based controller is most stabile for
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this study.

REFERENCES

1. Kumar, K., & Ansari, M. A. (2013, April). Design and development of
hybrid wind-hydro power generation system. In 2013 International
Conference on Energy Efficient Technologies for Sustainability (pp.
406-410). |IEEE.

2. Qais, M. H., Hasanien, H. M., & Alghuwainem, S. (2018). Augmented
grey wolf optimizer for grid-connected PMSG-based wind energy
conversion systems. Applied Soft Computing, 69, 504-515.

3. Kumar, K., Ansari, M. A, Varshney, S. K., Rana, V., & Tyagi, A.
(2018). An Efficient Technique for Power Management in Hybrid Solar
PV and Fuel Cell System. Smart Science, 6(3), 234-244.

4. A data report is available on
http://cea.nic.in/reports/monthly/executivesummary/2019/exe_summ

ary-06.pdf

5. Konara, K. M. S. Y., & Kolhe, M. L. (2015, November). Pitch controller
modeling for wind turbine power regulation using feed forward control
strategies. In2015 |EEE PES Asia-Pacific Power and Energy
Engineering Conference (APPEEC) (pp. 1-5). IEEE.

6. Abazari, A., Dozein, M. G., Monsef, H., & Wu, B. (2019). Wind turbine
participation in micro-grid frequency control through self-tuning,
adaptive fuzzy droop in de-loaded area. IET Smart Grid.

7. Rezagha, A., Kalkman, |., & Blocken, B. (2017). Effect of pitch angle
on power performance and aerodynamics of a vertical axis wind
turbine. Applied energy, 197, 132-150.

8. Alarcon, O. F.,, Vdasquez, B. I., Hunter, A. R, Pavez, L. B., &
Moncada, R. (2017, October). Hybrid PID-fuzzy pitch control for wind
turbines. In 2017 CHILEAN Conference on Electrical, Electronics
Engineering, Information and Communication Technologies
(CHILECON) (pp. 1-6). IEEE.

9. Dharmawardena, H., & Uhlen, K. (2015, November). Modeling variable
speed wind turbine for power system dynamic studies. In 2015 |IEEE
Students Conference on Engineering and System.

10. Yang, B., Yu, T., Shu, H., Zhang, Y., Chen, J,, Sang, Y., & Jiang, L.
(2018). Passivity-based sliding-mode control design for optimal power
extraction of a PMSG based variable speed wind turbine. Renewable
energy, 119, 577-589.

11. Hara, N., Nihel, Y., lijima, K., & Konishi, K. (2017, August). Blade
pitch control for floating wind turbines: Design and experimentsusing a
scale model. In 2017 IEEE Conference on Control Technology and
Applications (CCTA) (pp. 481-486). |IEEE.

AUTHORSPROFILE

Vinaya Rana obtained his B.Tech. in Electrical and
Electronics Engineering from AKTU, Lucknow in
2010, and M.Tech. in Power System Engineering from
EED, School of Engineering, Gautam Buddha
University, Greater Noida, India in 2013. He is
currently working towards his Ph.D. degree from EED,
School of Engineering, Gautam Buddha University,
Greater Noida, India.

M.A.Ansari received B.Tech.(Electrical Engineering)
in 1998 from Aligarh Muslim University, India,
M.Tech.(Electrical Engineering) and Ph.D.
in 2001 and 2009 respectively from Indian Institute of
Technology, Roorkee, India. The author has taught in
several National and International universities globally.
He is currently associated with the Department of Electrical Engineering,
School of Engineering, Gautam Buddha University, Gr. Noida, NCR Delhi,
India. His research interests include digital image processing, Biomedical
Instrumentation & Control, bio-energy and renewable energy. Heis a senior
member of IEEE and has published more than 100 papers in national and
international Journals & Conferences and has guided several M.Tech.
dissertations and PhDs.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



http://cea.nic.in/reports/monthly/executivesummary/2019/exe_summary-06.pdf
http://cea.nic.in/reports/monthly/executivesummary/2019/exe_summary-06.pdf

International Journal of Engineering and Advanced Technology (IJEAT)
e, O Joot 0 I SSN: 2249-8958 (Online), Volume-8 I ssue-6, August, 2019

Yogesh K. Chauhan obtained his B. Tech. in
Electrical Engineering from G.B. Pant University of
Agriculture & Technology, Uttarakhand in 1997, M.
Tech. from IIT Delhi in 1998 and Ph. D. from Thapar
University, Patiala, Punjab, India in 2010. He is
currently working as an Associate Professor in EED,
Kamla Nehru Institute of Technology, Sultanpur, India. His research
interests include power electronics & drive and renewable energy. He has
published many papersin national and international Journals & Conferences
and guided many M.Tech. and PhDs.

Retrieval Number F8661088619/2019©BEIESP Published By:
DOI: 10.35940/ijeat.F8661.088619 Blue Eyes Intelligence Engineering
Journal Website: www.ijeat.org 2271 & Sciences Publication




